OBJECTIVES: With an ageing population, increasing numbers of octogenarians are undergoing high-risk cardiac surgery. We examine the changing characteristics and in-hospital outcomes for octogenarians over an 18-year period.
morbidity and respiratory comorbidities were more prevalent in the late era, chronic renal failure was more frequent in the early era. Over time, more procedures were performed electively (P = 0.05). Common operations across all eras were coronary artery bypass grafting (CABG), aortic valve replacement and CABG + aortic valve replacement. Emergency operation [odds ratio (OR) 4.96, 95% confidence interval (CI) 1.51-16.35; P < 0.01], poor ejection fraction (OR 3.38, 95% CI 1.80-6.32; P < 0.01) and bypass time (OR 1.01, 95% CI 1.00-1.02; P < 0.01) were predictors of in-hospital mortality. The late era of surgery (OR 0.41, 95% CI 0.23-0.73; P < 0.01) was associated with reduced mortality risk.
INTRODUCTION
With an ageing general population and better life expectancy, increasing numbers of octogenarians are undergoing cardiac surgery. This group of patients is more likely to present with significant, and/or multiple comorbidities that can impact clinical outcomes, both in the short term and in the long term. Concomitant cardiac morbidity and the high prevalence of comorbidities increase the complexity of cardiac surgery in this patient population. We have previously reported the effect of advanced age on clinical resource utilization [1] , and whereas the cost-effectiveness of cardiac surgery in the elderly is debatable [2, 3] , there is growing evidence to show that octogenarians derive clinical benefits and improvements in the health-related quality of life [4] [5] [6] [7] [8] [9] [10] [11] [12] from the operative management of their cardiac pathologies. However, surgery is often considered high risk [13] [14] [15] [16] [17] in this patient population due to the high prevalence of comorbidities. This is a major argument used for the proposition of alternative treatment approaches in this patient population, even when the results of these approaches are somewhat inferior to surgery [18, 19] . It is therefore of clinical relevance to determine how the clinical profiles and the complexity of surgery in this patient population have changed over time and how these impact operative outcomes.
This large single-centre study was therefore designed to examine trends in the surgical volume, patient profiles, operative procedures and in-hospital outcomes for octogenarians undergoing cardiac surgery over almost 2 decades.
MATERIALS AND METHODS

Patients
Clinical data for all patients undergoing cardiac surgery at our department from 1999 are prospectively collected and stored in an electronic database. The database is maintained by dedicated staff and is internally validated. We interrogated the database and retrieved data for all octogenarians who underwent cardiac surgery from March 1999 to May 2016. The Medical and Ethics Committee of our institution waived patient consent and approved the use of the clinical data for this study.
The study population was divided into 3 groups on the basis of the date of surgery, namely early era (1999) (2000) (2001) (2002) (2003) (2004) , middle era (2005-2010) and late era (2011) (2012) (2013) (2014) (2015) (2016) . The study eras are all equal periods (6 years).
Statistical analysis
The primary outcome of this study was the trend in the observed in-hospital mortality versus the predicted mortality of octogenarians undergoing cardiac surgery over 2 decades. As secondary outcomes, we examined the impact of surgery era on operative mortality and also reported the proportion of octogenarians who were discharged home to independent living, over the different eras.
Absolute values and percentages are used for categorical variables. Continuous variables are presented as mean and standard deviation for variables with normal Gaussian distribution and as the median and interquartile range for variables with skewed distribution. Both categorical and continuous variables were compared between the eras using univariable analyses. Categorical variables were compared using the Pearson v 2 test, while the analysis of variance was used for continuous variables with normal distribution and Kruskal-Wallis test was used for variables that are not summarized parametrically.
Multivariable analyses were performed using stepwise logistic regression to determine the predictors for in-hospital mortality and prolonged hospital stay (defined as postoperative stay over 14 days in line with society of thoracic surgeons (STS) definition). A 2-sided P-value of <0.05 was considered significant.
Statistical analyses were performed using MedCalc for Windows, version 13.1.2 (MedCalc Software, Ostend, Belgium).
RESULTS
Baseline characteristics
Of the 14 688 patients who underwent cardiac surgery during this period, 1022 (6.96%) were octogenarians. The percentage of octogenarians undergoing cardiac surgery increased steadily, from 1.97% in 1999 to 10.01% in 2016, as depicted in Fig. 1 . Table 1 compares the clinical profile of octogenarians who were operated on in the 3 eras. The proportion of octogenarians who presented with advanced (unstable) symptoms and who underwent non-elective surgery declined progressively. While the frequency of renal failure decreased, there was a rising prevalence of hypertension, chronic obstructive airway disease and neurological dysfunction among octogenarians who were operated on from the early to late eras.
Operation and in-hospital outcomes Table 2 shows the in-hospital operative outcomes. The predominant operative procedures were coronary artery bypass grafting (CABG), aortic valve replacement and combined aortic valve replacement with CABG, and this was similar across the eras. The bypass and cross-clamp times, however, were progressively longer from the early to late eras. Over the course of the study period, there was a gradual increase in the predicted mortality, which was defined by the logistic EuroSCORE, from 12.01% to 15.54%. However, the observed mortality declined from 9.09% to 5.88%. Figure 1 illustrates the trend in in-hospital mortality in comparison to predicted mortality. Although the observed mortality was comparable to the predicted mortality risk in the early era, there was a divergence in the late era such that while the predicted mortality risk consistently increased, the observed mortality steadily declined.
We also observed reducing rates of reopening for bleeding and surgical site infection over time. Interestingly, there was a progressive rise in the number of octogenarians who were discharged to their homes rather than nursing or intermediate care homes, from the early to the late era. A long hospital stay was comparable across the eras.
Multivariable analysis (Table 3 ) identified cardiopulmonary bypass time [odds ratio (OR) 1.01, 95% confidence interval (CI) 1.00-1.01; P < 0.01], chronic obstructive pulmonary disease (OR 1.54, 95% CI 1.06-2.25; P < 0.02) and urgent operating (OR 1.53, 95% CI 1.14-2.07; P < 0.01) as independent risk factors for a long hospital stay.
The predictors of in-hospital mortality identified by multivariable analyses were as follows: bypass time (OR 1.01, 95% CI 1.01-1.02; P = 0.003), emergency operation (OR 4.96, 95% CI 1.51-16.35; P = 0.009) and preoperative ejection fraction <30% (OR 3.38, 95% CI 1.80-6.32; P = 0.0001). On the contrary, late surgery era (OR 0.41, 95% CI 0.23-0.73; P = 0.002) was protective against in-hospital mortality.
DISCUSSION
This study, unlike other studies of cardiac surgery in octogenarians, examines the trend and changing clinical characteristics of octogenarians undergoing cardiac surgery and relates this to inhospital outcomes over almost 2 decades.
Changing profile and in-hospital outcomes
There are several important findings of this study that are noteworthy. First, the octogenarian population among patients undergoing cardiac surgery has steadily increased over the past 2 decades. This appears to be a reflection of the growth in the proportion of this age group in the general population. According to the Office of the National Statistics in the UK [20] , people aged 65 years and over constituted about 15.9% of the general population at the beginning of the study. This increased to 18% by the end of the study period in 2016, and it is projected to increase to 25% by 2046. Clearly, operating on octogenarians will be more common in the future. Improvements in medical science, standard of living and life expectancy all contribute to this growth of the elderly population.
Secondly, our study shows that despite a consistent increase in the predicted operative mortality risk for this group of patients over the past 2 decades, there has been a steady decline in observed operative mortality. The increasing trend in the predicted operative mortality risk could be explained by the high prevalence of multiple comorbidities and the frequency of complex operations, from the early to late eras. The impact of comorbidities on operative mortality in the patient population is highlighted by the study of Alexander et al. [21] . In a large retrospective study of 67 764 patients from 22 institutions, of whom 4743 were octogenarians, the authors reported significantly higher in-hospital mortality in octogenarians compared to younger patients. However, in the cohort of octogenarians without comorbidity they found in-hospital mortality rates to be similar to the rates of younger patients. This study, however, did not examine the trend in in-hospital mortality over time.
Our study revealed that symptom control improved from the early to the late era enabling a significant number of operations to be carried out in an elective setting in the later eras. This strategy contributed to the decline in observed mortality, and it is corroborated by other studies [21, 22] .
The third important finding of this study is the significant impact that the era of surgery had on operative mortality. Undergoing cardiac surgery in the late era was associated with almost 60% reduction in observed mortality compared to the early era. This is possibly due to growing experience and confidence from increasing surgical volume and better perioperative optimization that leads to less emergent operations in the later eras, in addition to advances in surgical practice in general and improvements in perioperative care.
Fourthly, our study showed a substantial reduction in the length of postoperative hospital stay and a steady rise in the number of octogenarians who were discharged home instead of care homes, through the study eras. It is conceivable that the general improvement in social care and community-based interventions may contribute to the higher rate of octogenarian discharge to independent living in their homes. 
Predictors of in-hospital mortality and prolonged hospitalization
It is pertinent that multivariable analysis revealed that emergency operation was associated with a 4-fold increase in in-hospital mortality, and left ventricular ejection fraction <30% more than doubled the risk, while cardiopulmonary bypass time marginally increased the probability of in-hospital mortality. Our findings are consistent with the report of Speziale et al. [22] who reported the same predictors of operative mortality from their very large study of 6802 octogenarians who underwent cardiac surgery. Emergency cardiac operations should be avoided in octogenarians as much as possible. A prolonged hospital stay, defined as hospital stay of 14 or more days, was not uncommon and occurred in 25% of octogenarians. Chronic obstructive pulmonary disease and urgent operations increased the risk of prolonged hospital stay by 50%.
Strengths and limitations
Our study that was performed at a tertiary healthcare institution and involved different surgeons represents 'real life' results that can be generalized. Another advantage of this single-centre study is the large sample size and less variation in the perioperative management of patients, as the same protocol is used in the unit. Also, we compared cases across a prolonged period of time collecting our experience into eras, which allowed us to observe the impact of experience in this high-risk group over time. To the best of our knowledge, there is no similar publication.
Nevertheless, our study has the inherent limitations of a retrospective study such as selection and recall bias. There is no control group to compare with the octogenarians in this study, and this could be criticized. However, we believe that no form of statistical matching can correct for physiological and biological changes of advanced age, and hence our study was not designed to compare octogenarians to younger patients. Also, frailty, which is common in the patient population, is not normally assessed and documented, and therefore it is not reported in this study.
CONCLUSION
Increasing numbers of octogenarians with multiple comorbidities are undergoing cardiac surgery. Although the predicted operative risk continues to increase, the observed mortality has steadily declined. This study shows that octogenarians have better-thanexpected mortality, and emergency operation should be avoided when possible.
